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Dear Jack:

John Kennedy tells me that you and he were talking last week about the
Safety Evaluation Guide that ICPTF Working Group |l developed.

As John may have told you, | put together a summary of Working Group lll's
thought process we used to develop the Safety Evaluation Guide.

The enclosed document is that summary. John Kennedy, Web Heath and |
have a meeting with Don Glasco on February 13 in Don's office to discuss
the enclosure. :

| hope you will find this useful in your attempt to understand the thinking
behind the Safety Evaluation Guide.

Sincerely yours,

Bk f(%ﬂ

R. J. Kelley-Wickemeyer
Chief Engineer Technology & Certification
Large Airplane Development

cc ‘s (AIR-110)
Aerospace Engineer .
Department of Transportation/FAA
800 Independence S.W.
Room 804
Washington DC 20591
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Guiding Principles

In the early meetings of the ICPTF Working Group ill (WG lil) we agreed on
several fundamental guiding principles:
1. Commercial Air Transportation is very safe today.
2. We want to further improve that safety. -
3. We do not want to improve air transport safety at an expense  that will
force the traveler to use a less safe means of transportation.
4. We want to first encourage safety improvements in areas that have
more frequent and serious consequences.
5. We want to encourage effective actions that address safety hazards.

Approach

ICPTF Warking Group il (WG lil) consisted of representatives of regulatory
agencies in the United States, Canada and Europe, foreign and domestic
airfines, the Airine Pilots Association and dirframe manufacturers from the
United States, Canada and Europe. We recognized that it was not likely we
would be able to develop a procedure that could be used by a ‘clerk® to
automatically detemine if a new action would provide an effective safety
benefit. We did believe, however, we could provide some useful guidance
to a team of experienced experts to supplement their good judgment.

In order to determine whether a safety change should be made, the follow-
ing factors were considered to be important:
A. What has been the consequences of exposure to a given hazard? Or,
what do we expect the consequences to be?
B. How often have those consequences happened? Or, how often do
we expect them to happen?
C. How effective do we expect the action to be in dealing with the haz-
ard?

D. What is the economic impact on society if the action is taken?

tem B) — n F

WG lll addressed items A) and B) by determining the opposite extremes and
then by addressing the expected variation between extremes. We often did
sanity tests with examplestoseeifthe - '+  desense.
The extremes of A) and B) were detemined to be:
* ahazard that happened every year that caused everyone to die.
« ahazard that might happen in the life of the fleet that would result in
injuries.
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Two vertical lines were added to the left hand chart to represent those cases
where there were few deaths and those cases where there were hull losses
with no deaths. In order to place the lines on the chart, the group reached
an agreement about the relative safety importance of different combina-
tions of seriousness and frequency.

-

WG lll finally decided that on the 1 to § scale described above, a 3 would
equate to:
+ an adequate action that addressed a hazard that resulted in a hull loss
once a year; of,
¢ an adequate action that addressed a hazard that resultec! in deaths of
less than 10% of the people onboard the aircraft every 5 years.
That added the shaded points to the charts below. (When we made the
chart in 1991, there had been about 10 million large commercial jet airdiner

departusgs in the last year; 40 miillion in the previous $ years and 200 million in
the previous 25 years.)

OCCURRENCE : : ' :
PER DEPARTURE .

U SERES AR s ’/@

INJURIES Hull Loss <102 >10%
ONLY DEATHS DEATHS

WG lil also believed that if a Safety Index of § equated to an adequate re-
sponse to one catastrophic hazard per year, then a Safety Index of 4 would

equate to an adequate response to a hazard with a limited number of
deaths every year.

Likewise, we believed if a Safety Index 3 equated to an adequate response
to a hull loss each year, then a 2 would equate to an adequate resnonse to
a hull loss every 25 years. This added the following points to the cowun und
allowed us to draw the frequency lines on the left hand chart.
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OCCURRENCE
PCR DEPARTURE 10

INJURIES Hull Loss <10z >10%
ONLY OEATHS DEATHS

A line was then added to the right hand chart half way between the first two lines
to represent the middle strategy of *eliminate, avoid, adequately deal with.* WG Il
charactarized this strategy as "Good”. We defined it as:

Action is fully effective in all probable or likely cases, but does not cover all sttuations
or scenarios

SAFETY (mOEX

The response to the wind shear hazard was an example of *Good" philosophy.
There are wind shears in nature that are so strong no airplane can fly through them.
Consequentty, it is impossible to eliminate the wind shear hazard. The strategy was
then to detect and avold wind shears. However, if that strategy failed in a specific
case, we devised an approach for dealing with inadvertent wind shear encounters.
We prescribed pitching the dirplane up to get maximum usable lift and then
applying maximum controllable thrust.

However, not all proposed actions fit into the “eliminate, avoid, adequately deal
with® strategy. A safety evaluation guide would have to address proposed actions
that might have both safety benefits and safety disadvantages. These could be
potential solutions that had not yet been perfected. An example of this might have
been earty Terminal Area Collision Avoidance Systems TACAS). Before it was per-
fected, early TACAS control logic could command an dirplane to pitch up past the
point where the wing would stall. Furthermore, some early boxes became
‘confused® when they had to deal with a large number of potential threats. As a
result, they had to be tumed off in the terminal areas.

WG [l believed the best way to motivate a team to identify and resolve these prob-
lems was 10 uevelop a class of proposed actions we labeled “poor.® Those actions
would work much of the time but they had significant negative side effects. WG lll
dealt with this by penalizing-the Safety Index for a “poor action® relative to an
‘adequate action® by the same amount we rewarded a *perfect action.* WG il
characterized a “Poor” action as:

Action is partly effective in some cases, but does not cover all probable or likety
cases. Usually this action only addresses part of a hazard.
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participant individually made a subjective evaluation of how effective each
proposed action would be in addressing the identified hazard. The group
then collectively evaluated each of the individual participant's answers for
each proposed action.

The examples we tested were:

-
-

Rule | Hazard Addressed
25.963 Exploding engine, wheels or fires brealding a fuel tank access cover, leaking fuel &
amd't 69 causing a fire
25.562 Trauma Injury/death caused by seat collapse in those accidents where the air-
amd't 64 plane structure remains substantidlly intact
25.812 Inability of passengers to find exits in a cabin filled with smoke.
amd't 58
25.811 Passenger confusion in opening an exit door during an emergency. especially
amd't 46 when there may be a crowd near the ext.
25365 | Cabin pressure venting into unpressurized compartments.
amdt7]
25.631 8 pound Bird strike on Empenage.
amd't 23 v
26.783 Inflight opening of extemal doors
amd't 54

This exercise proved very valuable. The discipline inherent in this method of
evaluation made it very clear to WG il that the team of experts using this
procedure had to be specific about the way the hazard was described. it
was because of this exercise, the following instructions were added to the de-
scription of how to use the Safety Evaluation Guide.
*The effectiveness of an action is a direct function of the precision of the
hazard statement in step B) and the intent statement in step C). The team
using this tool for the first time would be well advised to repeat the exercise
using a more specific definition of the hazard addressed and the conse-
quences of the specific hazard.”

WG lll also discovered that even with the diversity of backgrounds on the
team, agreement was reached on the Safety Index to within 1 point with one
exception. Surprisingly, the biggest difference in subjective judgments for
the effectiveness of a proposed rule was with FAR 25.812 Amendment 58. This
rule change called for floor proximity lighting of the emergency escape path.
In retrospect, at the time the evaluation was made, WG il probably did not
have enough human factors data available * - «~ '~ a good choice. The
opinions ranged from “this was a great idea* to a belief passengers would get
confused because of the lack of standardization between airplanes and
aidines and because of the use of a red light to indicate this is where the pas-
senger should go to exit the airplane. Neither view was so fily held that it
would not change based on more expert information.
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We said “Resource Index’ was composed of five basic elements -- labor, capi-
tal, materiol, operating costs and revenue loss. Those terms are defined be-
low for the purpose of the evaluation guide. (These definitions may be differ-
ent than some people associate with the terms “labor, capital, material, op-
erating costs and revenue loss*.)

* Laboris work camied out in the design, fabrication, inspection;opera-
tion or maintenance of an dircraft for the purpose of incorporating or
demonstrating compliance with a proposed action. Non-recurring and
recurring labor requirements, including training, will be considered.

* Capital is construction of new, modified or temporary facilities for de-
sign, production, tooling. training or maintenance.

* Material is costs associated with product materials, product compo-
nents, inventory, kits and spares.

* Operating Costs are only associated with fuel, oil, fees and expend-
ables (such as de-icing fluids).

* Revenue Loss includes departure delays, product downtime, eaming
capability or performance loss due to seats, range or airport restrictions.

WG Il needed to associate Resource Index with the Safety Index. We also
needed to define the intermediate values of the Resource Index. Since qir-
planes are safe today, we did not want to force the traveler into a less safe
means of transportation. Therefore, we decided that it would not make
sense to incorporate a change that only scored a Safety Index of 4 but had a
Resource Index of 100. On the other hand, it might make sense to incorpo-
rate that change if it’s Safety Index was § even though such action might
cause companies to go out of business. We do not expect there are many
(or any) actions left for the industry to take that will have a Safety Index of 5.

At the other extreme, it did not make sense to incorporate a change if the
Safety Index was 1 even if the related Resource Index was as small as we
could estimate. The smallest possible Resource Index is 5§ (the summation of a
score of 1 point for each of the § resource categories). Considering the types
of hazards and actions that could result in a Safety index of 2, it did make
sense to incormporate those changes if the Resource Index was the lowest
possible, 5.

... +oudlt was the addition of the lower chart to the chcrts used to deve..
the Safety Index. .
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SAFETY / RESOURCE EVALUATION GUIDE

1. REGULATION OR ACTION:

2. HAZARD ADDRESSED:

!

3. SPECIFIC INTENT OF ACTION:

(] wew proDUCT DESIGN ] newLY PRODUCED PRODUCT
] DERIVATIVE PRODUCT DESIGN 1 1x-service prooucT
OCCURRENCE )

PER DEPARTURE

INJURIES
ONLY LOSS : DEATHS DEATHS
POINTS

LABOR 1420 100

CAP(TAL 1420 100 2

MATERIAL |1 4 20 100 3

OP.COST |14 20 100 =

REV.LOSS |1 4 20 100

TOTAL

RESOURCE INDEX 1 2 : 4 [

Another Check of the Method

At this stage, we sanity tested the methodology again. We used the same
hazards and the actions that had been used earlier. Notice we used a con-
sensus Safety Index when comparing Resource Index to Safety Index. Each
WG Il member made an independent assessment of the resources that
would need to be expended in each category. Each WG lll member then
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Occurrence Frequency per 200
millon departures of large jets

Rule Effect of rule Hazard Addressed Injuries Hull <10% | >10% Safety
_ . Loss | Deaths | Deafhs Index
25.963 | Design fuel tank access covers to Exploding engine, wheels or tires ] 0 0 1 3.4
amdt | min. penetration by likely foreign breaking a cover, leaking fuel & 2%3.1
49 object & be fire resistant causing a fire 3 5x3 5. 1 x 18
25.562 | Upgrade design standards for seats | Trauma Injury/death caused by 1 0 3 2 3.5
amdt |1° account for dynamic loading and | seat collapse In those accidents 33 ]
64 to provide for an impact Injury where the airplane structure 1x3.5. 4 '3 8
criterla remains substantially Intact XJ.9, 4X9.
25,812 | Provide floor prox. emergency Inabllity of passengers to find exists 0 0 3 5 3.7
amdt | escape path visual guidance when | In a cabin filled with smoke. 2%4.6
58 all sources of cabin lighting >4' %3 9'
: above the aisle floor are totally 7y
b obscured by smoke. Effective on all 1x3.5,
Py Part 121 alrplanes after 11/26/86. 1x3.0, 1x2.6
25.811 | 1) Clarfy existing rules to indicate Passenger confusion In opening 0 0 0 ] 3.0
amd't | how far to move the passenger door | an exit door during an 3x2.7
46 exit handles to release locking emergency. especially when 2%3.0 3)('3 4
mechanisms, and 2) make the there may be a crowd near the e '
handles cons. lcuous In an exit.
emergency
25.365 | Improve struc 1ral requirements for Cabin pressure venting into 1 0 ] 2 3.6
amd't pressurized cc.nins and unpressurized compartments. 5x3.4, 3x4.0
71 compartmer
25.631 | Design Empenage for continued safe | #8 Bird strike. 0 0 0 0 2.9
amd't fight and landing after 8# bird strike. 1x2.5,
23 2x2.6,
1x2.9, 4x3.2
25.783 | Requires doors to be fully closed and | infiight opening of exieindai doois H 0 1 1 2.3
amd't locked prior to pressurization. Show ’ 1%3.0
54 by analysls inadvertent opening ls ' 2y3 2’
extremely Improbable I '2'
2x3.5, 1x3.6

Note: 3x3.1 means three people evaluated this rule at 3.1
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SAFETY EVALUATION GUIDE

DATE:

L. SAFETY TEM: 75.963 — AG9

2. HAZARD ADDRESSED: EXPLOOING ENGINE, WUEELS OR
TIRES BREAKING A FUEL TANK oveR
AND (EAKING FUCL WHICH MAY catch FeE

3. EFFECT OF ACTION:

Oesien FUEL TANK COVERS TO MINIMIZE
PENETRATION BY LIKELY FORCEIGN omlerTs
AND BE FIRG RESISTANT

:GROUP O)NSENSUS‘3:43AF EWT iNDE)(
34, 3.5,35,34, 38,855,355, 35

s
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SAFETY EVALUATION GUIDE

. DATYE:
1. SAFETY [TEM: 25.562 - A4 |66 Sents
2. HAZARD ADDRESSED: TRAMA INJURY / OEATHS CAUSED @Y

SEAT COLLAPSE (INCLUDES HenD IMPACT
CRITERIA) WHEN STRUCTURE STILL SURVIVABLE

Cesienl SEATS For o G&'s oYNAMIC
RATHER THAN 9G'Ss sSTAT\C

———

3. EFFECT OF ACTION;

e 3

OCCURRENCE :
PER DEPARTURE 10

@ — <) @ 1 ' 2 ’ 3 ¢

INJURIES HULL <10% >10% SAFETY INDEX
ONLY . LoSss DEATHS DEATHS .

- 10 200 k10~ DePAEVRES 1

GRQUY CONSBEUS — 3,5 SAFETY wicey
3.8, 5.1, 3.5, 8.1, 3.8, 3.8,3.8,3.l

i . RHK-W 31002



SAFETY EVALUATION GUIDE

OATE:

1. SAFETY ITEM: | 25.81\ — AdoG

2. HAZARD ADDRESSED: ConFosionn BY PAISENGERS IN
OPGNING DOORS DURING EMERGEwCY
ex\T

IMPROVED EMERGENGY &X\T MARKINGS

3. EFFECT OF ACTION:

ONLY Loss DEATHS DEATEHS

IN 20D x10° DEMPTVEZE

GROUP CONSENSOS ~ 3.0 SAFETY (INOEX
3.4, 34,3.0,17,30,3.4,27,21
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SAFETY EVALUATION GUIDE

DATE:

1. SAFETY ITEM: 25.631 - A23 BIRO STRiKE
2.HAZARD ADDRESSED: & FOUND BIRD ON EMPENNAGE

3. EFFECTOF ACTION: DEeSIGN EMPENNAGE TO CONTINUE

SAFE FLIGHT aWD LANOING AFRTER
8 POUND BIRD STRIKE

s s

OCCURRENCE

:

8
Baolt

5

DEATEHS DEATES

N 205 x 10% Depplivecs

* HAS Mo7 HpPPEUSD 1 TEF TRAUAORTS
27 D> AR 1 4 PP AP No7 14 D an2ace

O 2 3 < s
>10% SAYEIY IMDEX

'GROUP CONSENRYS ~ 2.9 Sarery imoay,
3.2, 32,3.2, 2.5, 32,29, 2.6, 2.6
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